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‘1’he rcflecta]lce o f  I,a0,~Ca0,:3Mno~  cpitaxia] tlli]l  fil]ns  o]l ]]erc)vskitc

s u b s t r a t e s  with a ran~,e of lattice  co]lstants  is  s tudied j]l the frequel~cy

ral]:,e  50 cm- ‘-.5000 cxn - ] . l’he cc~lnplex  dielectric fu]ictions  of the bare

l,aOTCa0,3Mn03  fil]ns are obtai]led  by Itlc)cleling  the lneasurec] r e f l e c t i v i t y

sl}cctra of the tw’c)-]aycr  l,a.o.7Cao,3N11103 /sLlbstra.te  syste]n with separately

Ineasurecl  dielectric. functioIls of the bare  substrate. ‘1’l(e  results thus derived

iljdjcate  that the transverse optical ]Jhonorl  modes of 1., ao.7Cao.+11103 am

stron~; ]y afl’ected  by the substrate-ill  duccd lattice rlistc)rtion.



‘1’}lc  Origin of t}le co lossa l  l)egati~’c JI-lagllctc)rcsistallce.  (CN1lL) rccelltly  observec] ill pe]-

o~’skitc mai~gal~ites  I,al. XAXMI103 (A: divalmlt  alkaline ions) have bcml a suhjec.t  c)f i]ltcnse

cxpcrilncllta]  al]cl  t,hcoretical  s tud ie s . I{cwmt  theoretical investigations [1 ] have revealed

tha t  tIJc lat t ice effects  a]ld tl~e stronF,  elcctIoll-~Jllolloll  intcractioll  clue to the Jahli-rl’eller

coupli]]:;  play au important role in the Occurrcr]ce  of the CMIL in mangzulites.  NIally  aspects

of tllc ]na:,llctic.  al]d rcsistivity  clata [2- 5] Cal] be stlccessful]y  cx~jlaillcxl in terms of the SC.e -

nario of lat t ice ])olaron  coIlcluction. 111 order  to fultliey verify  the InccllaIlisIIi  of the  Chll{.

cff’ecl allcl the correlat ion of  lat t ice clistortioll  ~viih tile  ma:,l]ctic arid trallsport  ~)roperties,

illfrarcd  data are II CCCICC1 fc)r p rov id ing  clirczt  illforlllatioll  of tile  c)ptica]  p}]or]oll l~Iodcs  aIlcl

t}lc  elcc.tloll-~)hollc)ll  ixlteractic)ll.

‘1’}]c illvmtigations  of the electrical trans1)03t  ancl xllagl]etic  properties of La0.7Ca0.3LJr103

(ljCMO) fil,ns on pmovskite  substrates wit}, difi’cmnt lattice Co,]st,ants  [6] indicate that larger

lattice Clistc)rtio]l  irlclucec]  by the substrates gives rise  to lar~er zcr-o-fielcl  rmistivity  allcl  larger

IIc,gativc  Illag,Iletoresi  stance. II) tllc  prcxnt  lvork we repor t  our  expcrimcmtal investigatio]ls

c)f th(’ il)frared  propcrt.  ies of l,Chi O qitaxial  films on various perovskite-basccl  substrates:

1,aA103  (I ,AO), Sr’1’i03 (S”1’0) ancl YA1OS (YAO). I1lfrarecl  (l IL) reflectivity spectra of single

crysta]linc  1,AO, S“1’0 ant] )’AO  are alsc) lncasurecl.  LJsing  the dielectric functions o}~taincd

directly from the bar-e substrate, we have fittecl  the lneasurccl  rcflec.tivity  spectra of l,CMO

epitaxial  films on the substrates by modeling  the ccmlplcx  dielectric functions  of bare I,CMO.

OLIr work i~ldicatcs  that tile optical conductivity of I,CMO alld the okrvcd  MII-()  stretching

and Mn-O-Mrl  bending  phonon  Tnocles  arc strongly affcctccl by the substr-atc-ill  duced  lattice

clistortioll.

‘.I’}]c  l,CMO cpitaxial  films are grown by pulsed laser clqmsition  using a stoichiornetric

target of IJM.7Cao.3iVh03,  in 100 mr.’orr of oxygen. ~’he temperature of the substrates is

‘/()()°C. ‘J’}le p,rowth  is fol]owecl by annealing  in ] atln. oxy?;en at 9000C for two hours, ant]

tllc  cpitaxy  of the films is confirmed by the x-ray rocking  curves. ~’he thicklless of the filxns

is 200c! 10 I] In, ‘1’lle lattice collstants  a, /J allcl c (c 1 sample surface) of all sam~)les  are

Clcterxni?lecl  using high  resolutioll  x-ray clif~ractiorl  spectroscopy. ‘)’hc resu]ts  are tabu]ated
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ill ‘1’ab]c 1, As sho)vII ill ‘] ’able 1, tllc lattice distortion]] il]ciuccd by the substrates yic]cls  the

lnisll]atc}l  latt;ce s t r a in ,  dcfillcxl as ( A a o / s o ) ,  Whcm o~ is tllc  lattice corlstallt  of tile bulk

pC.loVS]iil,(’,  and  Aao  js tile diffmmlcc  b~t\VWIl  tll~ l a t t i c e  c.oIlstallt  of the  f i lm aIICI  t ha t  c)f

tllc  bulk I, CNIO.  ‘1’hc s~lbstr:ite-ill(l~lce(l

])11011011 Il”lc)clcs. Therefore tl~e illfrarcxl

provi~lc ~]irect col-npa.risen of the pho]]oJ]

frcjln x-ray diffraction lneasuYclnmlts.

lattice straill  has ilnportallt  effects OYI tllc optical

s]jcctrc~sco~)v  of fll)iis o]~ Clifiercmt  s u b s t r a t e s  ca~l

fr’cqucl]cy shifts \vitll the lattice strail~,  dctcmllil]ecl

NTcar llorma]  inc; clcnce ref lect ivi ty is  lneasurwl  (a~;aillst  a refcrel]cc AI Mir30r)  Jvit]l  a

}:cJLllicl-tl:Lllsforlll  spectrometer in the mltirc  IR spectral region  50-f5000CIn  - ]. ‘1’IIc temper..

a.turc  of t]lc salnp]c!  is varie.c~ lvith a ]iquic{  lle-c.ooled  Cryc)stat.

‘J’llc  large contr ibut ion of  the substrate  to tllc reflectance  of l,CIIO thir~ filIIls  prcvellts

clircct  clerivatiol)  of t}lc I,CMO complex conductivity’ froxn the stanclard  l<l’all-lers-l<rollirlg

trallsforlllations  c)f the measured spectra. ]t is necessary tc) kIlow the substrate dic]ectric

fullctioll  lvit,h hi~h accuracy in orc]er to mode] the optics]  spcc.tra  of the thin  filIJ-JS. ‘l’he

co]nplcx dielectric functions of single crystalline l,AOI  S’1’0 a]lcl  YA() are obtainecl by lncmls

of 1{1 amers-l{roning  (1<1<) analysis of the measured substrate spectra. For the al) alysis

Of t}](i StlllStl’ate SI>C!CtIa, \ve assulne  the c.o~ist, ant reflect ivi ty below 50 cm - 1 aI1cl a single.

oscillator approximat;oll  above  5000 cm- 1. ‘J’c) avoid the K]< trallsformation  cxror  duc to the

ulicertainty  in the extrapolation] of the reflectivity spectra frc)ln 7(ero  to infinity, we perform

allalytical  dis~>crsioll  analysis of the measured spectra. A xilodel  based 01] the followillg

factorizcxi  for]n  of the complex dielectric function [’7] is applicci:

(1)

‘J’hc Inc)clcl  has been successfully used to fit the 11{ reflectivity spectra of several ~~crovskitc

oxides [S,9). ‘J’hc acljustab]e  p a r a m e t e r s  f o r  t h e  jth c.omplcx  pole  p allcl  zero z ill t h i s

clcxcriptioll  uniquely cleterlninc  four phonon  Inc)cle palal  Ilctcrs for’ the jth tra~wvcxse  optical

(’1)0) - lollF;ituclillal  optical (LO) pair: the frequencies Wj~, LJ-’jI, and clamping terms ~j~,  vj~,.

‘J’lIc assu~nptioxl of clifferent  paramctczs  fcx the ‘1’0 and  1,0 lllocles  i s  n e c e s s a r y  }vhen the
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‘ 1 ’ 0  aIIcl 1,0 IIJoclcs lIa\e difl”crcllt  l~}ICJIIOJI clcc,ay c}lalll)cls  and  cliffcrcllt  clam~)il]g  rates. ‘1’IIc

])hollon  ]nclcle ]Jaralneters  c)f the substrates ZLI]CI tllc  higli-frequcl)cy  cliclcctric  collstal)t  <w, arc

il)itially evaluated from the 1<1< a]la]ysis  and t]lell used  as startilJg  va]ucs for tllc  ]cast-sciuares

fit of tl~c reflect ivi ty spectra to the fac.torizd  cxprcssio]]  (1). By this lnea]ls  tile co]nplex

rcfl act;vc  illclic.cs  ~~. =  ii~ = n~ -1 ik, for the ~jcrc)vskitc  substrates am cJbtail)cxl  and Llscd II]

Notice that goocl  agrcmncmt  hetweell  the opticaltllc two-layer (l) CNf O/sLltJstlate)  moclcli]]s.  .

clualltitim which yield  the best fit to reflectivity clata and  those c) btaincc{ from a K]{ analysis

is c)bscrvecl  above 150 cm” 1.

~car ]Iornla]  illcic]ellcc  r c ’ f l e e . t i v i t y  j? u \ f \2 c)f a fi]Jn of thickl)css  d 011 a semiillfillite

d
substrate is rclatecl  to the complex refractive indices of the film -

Ej ~ fij , 7Lf -1 ik-f a]d

c)f t]lc  sul)strate  ti. by the follotvi]lg  equatiol]s  for the reflcctallcc aln])lituc]e  f [1 ()]:

(2)

Wllcrc

‘J’hc clic]ectric  functioI~ of the fil]n Ej is clescrit~ccl  ill terllls of the classical clispertio]l  function

which is tile sum of contributions froln  a l.)rucle terln with plasma frecluellcy  WI) aI~cl the

cla]nping  parameter =~1~,  allcl  from 1,or-elltzian oscillators with strengths  Sj j, frcclum~cies  wjj

.

(3)

OIICC  the substrate complex refractive inclices  ti, is kIIOWIl, We LISe ~!;qS.  ( 2 ) - ( 3 )  to fit the

II JCaSllJ’cd  ], Chflo/sLlbstrate  reflectivity spectra ]?(w).  I)arall~cters  for  the opt, ica] phorlorls

ill l,al_x  Srx M1103 crystals (x=-O .l”i5) [1 1] are selected as initial values for this ]cast-sclu.ares

fit,

]<’i~,.  1 CI shows the reflectivity phonon  spectra of I,AO, YAO and S’-I’O at room texnpcr-

al LIJ’c. ~’he open circim  rcpresmlt the )I]easurcc] l“eflcctivity  spectra of l,AO allcl  S’1’(). the



solid  cllr~:cs  are  c a l c u l a t e d  by the fittil)p,  ])rocedurc  based  C)II  l;q. (1 ), I’l]c fitting lJaralnc-

tcm thus obtaillccl  arc listed in ‘liable 11. ‘J’hc results  for S“1’0 ale almost the salne as tllcm

p r e v i o u s l y  repcmtcc]  by ]{amalas  f:i a/. [~],  a l t h o u g h  t]lcy  c]id nc)t M2SO]VC!  a wc’ak phOIIOII

Stl’U~tLll’f!  aroullcl  650 CI”I”l-l. ‘J’l]c},arallletcrso ftllcr J’O])l)ollol)  ll-)ocles cletcrIllil-lccl  forl,l\O

a?;rcc well witl) those  p rev ious ly  reportccl  by Zharlg  et al. [12] ar~d arc Cleyive,cl  by lnealls  c)f

tllc c.lassie.al clispersion  allalysis  of the m.flee.tivity spectrum [12]. ~’he optical cc)llstalits  c)f

t]lc}7f\0  substrate  areobtailiec]  by the 1<1< transforlnation,  ~)ccallse  lnall]J]  lLacti\Tep }lC)llOIls

i]] YAO make the dispersioli  analysis mom clifficu]t.

‘J’hc rcflcctivit~  phoIIoII spectra of lJCMO  e~~itaxial  fil Ins 0]] the substrates are showII in

l’ig.  1 b. ‘J’IIc open circles rcprese]lt  the experin]elltal  clata,  the solicl  curves were  ca lcu la ted

by  t}~c fittil)g procec]ure  based  011 I;qs.  (2 ) - ( 3 ) .  ‘J.’he obtainccl  tittirl~;  pa~aII”lCtC!JS  are listecl

ill ‘]’able 1]1. ‘J’he ]huc]e ternl i]] ]Iq. (3 ) is fc)Lu)c~  to be ]Ieg]ig,ib]e.

l)igure  2 shows the optical c.ol~ciuctivity  spectra of bare I, ChI(), c]cpositecl  OJJ va r ious

substratm,  obtainec]  froll~  ~j. ~’here a r e  thI’ee  l“I”laill  phonoll  Inoc]cx ill L}lc! spectra: ‘J’hc

MI]-(I  s tretching mode c)bservecl aroLmd  5S0 CIn- 1, t h e  hlli-O-M1l  bellclillg III C)dC! arouIIcl

3bo Clll - 1 aljcl  the l,a(Ca)-site exterl]al  lnocle,  locatccl  arou]lcl 160 cm-l [1 3]. ‘J’he bendillg

]noc]c  is foullcl  to be split clue to the orthorhombic  Clistortiol]  i]) I,CMO, As sho\v Ii in l~ig.

~, t~lc strctc]lirl~ arid belldill~  ph~lloll moc{es shift significantly  to lower frequencies, as the

misll~atch  lattice strain (see  ‘l’able 1 ) irlcrcascs. ox] the other  haxlcl,  the extcrl)al  phono]l

frccluel]cy  is I)car]y  illdepellclcllt  of the lattice c.onstallt. If the ciepcndellcf!  of the phonon

frequency c)n lattice constallt  is approximate] as m w u-o, the power  CY is roughly cstilnatccl

to be 8 for the stretching lnode anc~ 5 for the bcnlc]ing  nloc~c.  Simi]ar strong a depmdencc

of the stretching mode frequellcy  is observccl  in layered cupratcs  ant{ relatecl  lnaterials  [14].

‘J’llis  fact indicates that both of the hig)hest  frequency phonon nlocles maybe strongly affected

by t}lc intcrac.tioll  }vith the electronic system, allc{ the. latter lnighi, also be uioclu]atccl  by the

chan?;c ill the Mn-O bond lcmgth aucl t})e h’f I]- O-MIl boIIcl angle.  It shoulcl be notecl that line-

s}lapes of the pl]onon  peaks ill Fig. 2 are nearly  illclepe]lclent  of the lattice clistortioll  inclucec]

by t}le  substrates. It suggests that the I,CMO epitaxial  filIIls  ul)cler  stuc]y are structurally
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hol]lop;c)lcc)us  structure throughout tllccntirefilln  t,}]ickncxs.

1]] su]n]iiary,  alj anal).sis  of the Ldlcxtancc  of IJCNIO e~litaxial  filIJIs  o]~ various sutjstratm

}vitl) a]J cxtc]]dccl  range  of lattice cons tan t s  has  bcml ~jerformccl  by takillg  illto  aCC.OUIIt  tl~e

s u b s t r a t e  colll,ributions.  our r e su l t s  provicle  evidmlcc  fcw a strol~g  clcq)cIIclcJIcc of the  MII-O -

MII bcl]clillg  allcl  Nln-O stretching phc)no]l  Inocle  ])aramctcm 011 the lattice clistortioxl il]duced

by the! substrates. An extension of the present iuvestig,&ticjll  to stuclyil)g  t}le  variatiolls  of

],CN~o  phonon  mocies \vith  telnpmature  and the al]a]ysis  o f  the rJ]id-I]i  re.flecta]lce  a]~d

~ransll”littallcc! spc!ctra  rliay provicle  furt]lcr  Llllc{cl’st~\]”c{illF, c)f the role of t]lc ]attice  c]istortioll

aIJcl polaro]l  collcluc.tion in the occurrence of the CMR eflect  ill perovsliite  rrlall~allitcs.
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]“](;. ]. “’]{f.?flCCtiVity  F)hOIIC)Il SI)CCtI”a  Of ]ILA]OS, }’-.-~]~s, SI’~’j{Js  (a) and  ]JaO.7Ca0,3h’fll~3  0 1 1

the suhstra.tcs  (b) at 300 K. Open circles are expcrinlclltal  data a]~d solid lines are tltc best fit o f

I;cl.  (1) (a) and l;qs. (2)-(3) (b) tc] the data. Solid  curve for Ytj103  is tllc ]neasurecl lcflectivity

spectlu Irl .

~1’]C;,  ~. optical co]lc]uctivity  spectra cjf J,ao,7Cao.3Mn03  on various substrates ca]cu]atecl  froln

~f usil)g  the parameters c)f 11’able  3.



‘.I’.4II1,I;2. ‘1’hc  l a t t i c e  cmlstants  and mislnatch  l a t t i c e  strai]l detcrlllilIed  froln x-ray  rlifFrac-

tioll for  ],a0,7Ca0,3jvI1103  (.T, CM()) epitaxial  f i l m s  on J,aA103 (I,AO),  YA103 (YAO) ancl srq’io~

(S’10)  substrates at 300 K. lbr comparison, the lat t ice constalits  (il~ .i) fol bulk IJCMO

a~e (o/~2 z 3. S40, bj@ = 3.890, c/d2 z 3.860), I,AO (a z tJ =. c z 3.;’92), Y.-1o

(a/~2 z 3.6 G2, b/<2 =- 3.’iG8, c/#2 z-. 3 . 6 8 5 ) ,  and S~’O (a Z. b Z. c z 3.905).

I,attice  collstal,t (A) l.attic.e Straill  (% )
.

Colnpoulld ‘(a/J2) (b/J~) (c//2) ‘( AcLo/ao) (.!3i)o/bo) (Ace/c,,)

l/CM()/1,..\O 3.s42 3.s5’1 3.921 0.05 -0.93 1.58

1 ,(:IM () /Y..l () 3.862 3.s<s6 3.s99 0.57 -0.10 1.01

l,clvIo/sTo 3.s81 3.927 3.s45 1.07 0.95 -0.39

‘] ’J\]]],];  11. }Iest  fit phonc]n  paral~]etcrs  clctcrIni]led  by l;c~. (1 ) for I,aA103 (l,AO)  a]jd Srq’io:l

(S’1’0) at 300 K

1A o

S7’()

—

427 494. -/

6.4 1.;

596 494.5

9.9 1.6

175 443.5

6.2 18.6

476 443.8

5.3 18.6

9

6:)1 &so

22 65

743 687

10 70

544 635.1 710.1

17 43 41

793 635.2 710.8

2!4 40 41



(l, CMC))  011  I,aA103 (l,AO), YA103 (YAO) aI~cl Sr’Ji{J3  (S’1’0) substrates at 300 ]<.

I,CMO  / I,AO

160 351 405 60?.4

53 51 5’2 71

670 7’92 511 832

8.6

l/Ch10  / YA()

158 3’42 393 583

(j,~ 73 46 76

707 sot) 44 ~ ;Gg

9.0

]JCMO /s2’().—
] ~’1 335 379 “!35:)

59 83 30 65

671 854 259 6’69

~.f]

10
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